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FRPSOH[ WR FRPSXWH 8VHU FDQ PRQLWRU WKH SURJUHVV RI VHJPHQWDWLRQ DQG UHGLUHFW WKH DOJRULWKP ZLWK UHVSHFW WR KXPDQ
SDUWLFLSDWLRQ7KHSURSRVHGV\VWHPFRQWDLQVWZRSKDVHV'XULQJWKHILUVWOHYHOWKHRULJLQDOLQSXWFRORULPDJHLVVHJPHQWHGXVLQJ
WKH*URZ&XWPHWKRG ,Q WKH IROORZLQJSKDVH WKH UHVXOWLQJ LPDJH LVSURFHVVHGXQGHUFRORU LPDJHVHJPHQWDWLRQPHWKRG ,Q WKH
DUHDVZKHUHWKHVHJPHQWDWLRQLVGHSHQGDEO\FRPSXWHGDXWRPDWLFDOO\QRIXUWKHUXVHUHIIRUWLVQHFHVVDU\2XWFRPHVRIVHJPHQWLQJ
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ZHUHSXEOLVKHG D ORWRIZLGHVSUHDG VXUYH\V IRU FRORU LPDJHVGLGQRW HPHUJHDV DXQLTXH VROXWLRQ7KHSURSRVHG
DOJRULWKPFRQWDLQVDZLGHVSUHDGVXUYH\RIDOJRULWKPVIRUFRORULPDJHVHJPHQWDWLRQ>@$FODVVLILFDWLRQ
RI IHZ QRYHO DSSURDFKHV DFFRUGLQJ ZHOO GHILQHG OLVW RI FKDUDFWHULVWLFV DQG H[SODQDWLRQV VXJJHVWV IRU WKHLU
LPSURYHPHQWV )RUFODVVLILFDWLRQRIFRORU LPDJHVHJPHQWDWLRQSURFHGXUHV WKHIROORZLQJGHQWLWLRQZLOOEHKHOSIXO
&RORU LPDJH VHJPHQWDWLRQ LV DSURFHVVRIH[WUDFWLQJ IURP WKH LPDJH ILHOGXQLTXHRUDGGLWLRQDO FRQQHFWHG UHJLRQV
DWWUDFWLYH HYHQQHVV DOVR FDOOHG DV KRPRJHQHLW\ VWDQGDUG ZKLFK LV JURXQGHG RQ IHDWXUHV GHULYHG IURP VSHFWUDO
PRGXOHV7KHVHPRGXOHVDUHZHOOGHILQHG LQD VHOHFWHGFRORU VSDFHPRGHO7KH VHJPHQWDWLRQSURFHGXUHPLJKWEH
LPSURYHG E\ VRPH VXSSOHPHQWDU\ LQIRUPDWLRQ DURXQG WKH VXEVWDQFHV LQ DQ LPDJH IRU H[DPSOH SLFWRULDO DQG
JHRPHWULF SURSHUWLHV 3RVVLEO\ WKHPRVWPDMRU IHDWXUHRI WKH SDUWLFXODU VHJPHQWDWLRQPHWKRG LV UHJLRQGHILQLWLRQ
6HJPHQWDWLRQ RI FRORU LPDJH LV VXSSRUWLYH LQ QXPHURXV ILHOGV%\ZD\ RI WKH VHJPHQWDWLRQ RXWFRPHV XVLQJ WKLV
WHFKQLTXH>@ LW LVFRQFHLYDEOHWRGLVWLQJXLVKVHJPHQWVRIFRQVLGHUDWLRQDQGREMHFWVLQWKHSLFWXUHZKLFKLVYHU\
XVHIXOWRWKHVXEVHTXHQWLPDJHDQDO\VLVRUDQQRWDWLRQ3UHYLRXVHIIRUWLQFOXGHVDGLYHUVLW\RIPHWKRGVIRULQVWDQFH
VWRFKDVWLF PRGHO JURXQGHG DSSURDFKHV > @ PRUSKRORJLFDO UHJLRQ JURZLQJ FRQVWUXFWHG RQ ZDWHUVKHG >@
SDUWLWLRQLQJRIJUDSKV >@ DQGHQHUJ\GLVWULEXWLRQ >@+RZHYHUEHFDXVHRI WKH WRXJKHQYLURQPHQWRI WKH WDVN
WKHUHDUHDLQVLJQLILFDQWQXPEHURILQVWLQFWLYHPHWKRGVWKDWSHUIRUPILQHRQDKXJHGDWDFROOHFWLRQ7KHVHJPHQWDWLRQ
SUREOHPLVFRPSOH[IRUWKHUHDVRQWKDWTXDOLW\RILPDJHKDQJRQGLIIHUHQWSURSHUWLHVVXFKDVWH[WXUHLQWHQVLW\,IDQ
LPDJHFRQWDLQVRQO\ LGHQWLFDO DUHDVRI FRORU FOXVWHULQJSHUIRUPDQFHV LQFRORU VSDFH >@ DUHHQRXJK WRKDQGOH WKH
SUREOHP,QUHDOLVPQDWXUDOSLFWXUHVDUHULFKLQWH[WXUHDQGFRORU,WLVKDUVKWRUHFRJQL]HLPDJHUHJLRQVFRQWDLQLQJ
SDWWHUQVRITXDOLW\RIFRORU7KHWHFKQLTXHLPSOHPHQWHGLQWKLVHIIRUWDJUHHVWRWDNHWKHIROORZLQJSRLQWV
(YHU\VLQJOHUHJLRQLQWKHLQSXWLPDJHLQFRUSRUDWHVDXQLIRUPO\JLYHQRXWFRORUWH[WXUHSDWWHUQ
 7KH FRORU LQIRUPDWLRQ LQ HYHU\ VHJPHQW RU FOXVWHU RI DQ LPDJH FDQ EH FKDUDFWHUL]HG E\ D VPDOO QXPEHU RI
SURSHUWLHVRIFRORUVZKLFKLVWUXHIRUWKHPDMRULW\RIFRORULPDJHVRIQDWXUDOSLFWXUHV
7KHFRORUVEHWZHHQ WZRFRQWLJXRXVUHJLRQVDUHQRWLFHDEOHZKLFK LVDEDVLF WKHRU\RIDQ\VHJPHQWDWLRQRIFRORU
LPDJHLQSUDFWLFH
7KHVHJPHQWDWLRQRILQSXWFRORULPDJHLVH[SODLQHGLQVHFWLRQ7KLVWHFKQLTXHOLNH*URZ&XWPHWKRGUHGXFHVWKH
FRVWUHODWHGZLWKWKHGLYLVLRQRIWKHLPDJHRQWKHEDVLVRIODEHOVRIHDFKSL[HO
:HKDYHSURSRVHG DK\EULGPHWKRG IRU VHJPHQWDWLRQRI WZRGLPHQVLRQDO FRORU LPDJHV E\ FRPELQLQJ WKH WZR
GLIIHUHQWWHFKQLTXHV)LUVWWHFKQLTXHZHXVHGLV*URZ&XWZKLFKLVH[SODLQHGLQVHFWLRQ7KHQWKHUHVXOWLQJLPDJH
LVSURFHVVHGXVLQJNPHDQVFOXVWHULQJWHFKQLTXHZKLFKLVH[SODLQHGLQVHFWLRQ7KHUHVWRIWKHSDSHULVH[SODLQHG
DV IROORZV ,Q WKH VHFRQG VHFWLRQZHGHVFULEHG WKH OLQNHGZRUN7KH WKLUG VHFWLRQ H[SODLQV WKH SURSRVHG V\VWHP
IRXUWKVHFWLRQFRPSULVHVWKHUHVXOWVDQGGLVFXVVLRQ)LQDOO\WKHFRQFOXVLYHREVHUYDWLRQVDUHJLYHQLQVHFWLRQ
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5HODWHG:RUN
'XULQJWKHILUVWKDOIZHKDYHLPSOHPHQWHGWKHZRUNRI9H]KQHYHWV9DQG.RQXVKLQ9>@ZKLFKLVDVH[SODLQHGLQ
WKLVVHFWLRQ
$VSRQWDQHRXVXVHULQWHUDFWLRQPHWKRGLVDGRSWHGLQZKLFKXVHUVSHFLILHVFRQYLQFHGSL[HOVRILPDJHFDOOHGDVVHHG
SL[HOV7KHVHVHHGSL[HOVILWLQWRREMHFWVZKLFKDUHWREHVHJPHQWHGIURPRQHDQRWKHU7KHMRELVWRDOORFDWHODEHOVWR
DOO IXUWKHU LPDJHSL[HOV LQVWLQFWLYHO\ WRJHW WKH UHTXLUHG VHJPHQWDWLRQRI DQ LPDJH7KLV WHFKQLTXHPDNHVXVHRI
DXWRPDWLRQRIFHOOVIRUDFKLHYLQJWKHWDVNRISL[HOODEHOOLQJ,QWKLVWHFKQLTXHDIHHGEDFNLVJLYHQWRWKHXVHUGXULQJ
WKHFRPSXWDWLRQRIVHJPHQWDWLRQ7KLVLVDQLWHUDWLYHSURFHVV7KLVPHWKRGGRHVQRWUHTXLUHKXPDQLQSXWGXULQJLWV
ODEHOOLQJSURFHGXUHWRVXSSO\G\QDPLFLQWHUDFWLRQDQGIHHGEDFNLQEHWZHHQWKHXVHUDQGWKHDOJRULWKP$VDUHVXOW
WKLVDOORZVIRUVXSHUYLVLRQDQGFRUUHFWLQJRI WKHDOJRULWKPZLWKXVHU LQSXW LQ WKHDUHDVZKHUH WKHVHJPHQWDWLRQ LV
KDUG WR FDOFXODWH KRZHYHU LW GRHV QRW QHHG IXUWKHU HIIRUW IURP WKH XVHU DQG WKH DXWRPDWLF VHJPHQWDWLRQ LV
FRQVLVWHQWO\FRPSXWHG6RPHRIWKHVLJQLILFDQWFKDUDFWHULVWLFVRIWKHWHFKQLTXHDUH

x +DUGVHJPHQWDWLRQVDUHFRQYLQFLQJO\DFKLHYHG
x $SSOLFDEOHZLWKLPDJHVRIDQ\GLPHQVLRQ1! 
x ,PDJHVHJPHQWDWLRQXVLQJPXOWLODEHOLVGRQHXVLQJWKLVDOJRULWKPZKHUHWKHQXPEHURIODEHOVGRHVDIIHFW
WKHRYHUDOOFRPSXWDWLRQWLPH
x $OORZV FRQVWUXFWLRQ RI QHZ WHFKQLTXHV IRU LPDJH VHJPHQWDWLRQ ZLWK VSHFLILF SURSHUWLHV DQG KHQFH
H[WHQVLEOH
x ,QWHUDFWLYLW\DVWKHVHJPHQWDWLRQLVUHILQHGZLWKHYHU\LWHUDWLRQWKDWXVHUFDQREVHUYH
x 7KHWHFKQLTXHLVYHU\HDV\WRXQGHUVWDQGDVZHOODVWRLPSOHPHQW
x 8VHRIFHOOXODUDXWRPDWDDOORZVTXLFNSDUDOOHOLPSOHPHQWDWLRQ
2.1. Fundamental Technique 
,QWKLVVHFWLRQWKHEDVLFSURFHGXUHLVH[SODLQHGIRUDXWRPDWLRQRIFHOO>@
$FHOOXODUDXWRPDWRQWHFKQLTXHLVEURDGO\GLVWLQFWLQVSDFHDVZHOODVWLPHDQGZRUNVRQDSDWWHUQRIVLWHVSא  ൑  
7KHVHSDWWHUQVRIVLWHVDUHDOVRFDOOHGDVYR[HOVRUSL[HOVLQFRPSXWHUYLVLRQLQSDUWLFXODULPDJHSURFHVVLQJ$WULSOHW
$ 61įLVDGHFLGDEOHDQGELGLUHFWLRQDODXWRPDWRQRIDFHOO
:KHUH
6LVDQRQHPSW\VHWRI6WDWH
1LVWKHV\VWHPZKLFKLVQHLJKERXUKRRGDQG
į61LVDIXQFWLRQRIORFDOWUDQVLWLRQUXOH
7KH IXQFWLRQ H[SODLQV WKH UXOH IRU WKH FDOFXODWLRQ RI FHOO¶V VWDWXV DW W WLPH VWHS IRU D JLYHQ VWDWXV RI WKH
QHLJKERXULQJFHOOVDWSUHYLRXVWLPHVWHSW

1S ^Tא=Q__S±T__ ¦  i
n _SL±ST_ `    
1S ^Tא=Q__S±T__ 
ni 
PD[
 
_SL±ST_ `    

7KHFHOOVWDWH6SLVHVVHQWLDOO\DWULSOHWOST q pc
&
ZKHUH
OSLVDODEHORIWKHFXUUHQWFHOO
T q LVDVWUHQJWKRIWKHH[LVWLQJFHOODQG
pc
&
LVWKHIHDWXUHYHFWRUIRUFHOOGHILQHGE\WKHLPDJH
:LWKRXWWKHORVVRIVLPSOLILFDWLRQT q ¦ @> LVDVVXPHG$GLJLWDOLPDJHLVGHILQHGDVDQDUUD\RIWZRGLPHQVLRQV
ZLWKNPSL[HOV$QXQODEHOOHGLPDJHFDQEHFRQVLGHUHGDVDGHWDLOHGFRQILJXUDWLRQVWDWHRIFHOO¶VDXWRPDWRQVR
WKDWVSDFHRIFHOOP LVGHILQHGDVWKHNPVHWRIDUUD\DQGVWDUWLQJVWDWHVIRU׊Sא3DUHVHWWR 
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OS ,  T q = 0,Cp =RGB U      
:KHUH RGB U LV D WKUHH GLPHQVLRQDO DUUD\ YHFWRU RI SL[HO¶V U FRORU LQ 5*% VSDFH 7KH XOWLPDWH JRDO RI WKH
VHJPHQWDWLRQLVWRDOORWHYHU\SL[HORQHRIWKH.SRVVLEOHODEHOV:KHQWKHVHJPHQWDWLRQVWDUWVWKHXVHULGHQWLI\WKH
VHHGVRIVHJPHQWDWLRQWKHVHHGVRIWKHFHOOVDUHODEHOOHGDFFRUGLQJO\VLPXOWDQHRXVO\WKHLUSRZHULVSRVLWLRQHGWRWKH
SRWHQF\RIWKHVHHGYDOXH'XULQJWKHLWHUDWLRQWFHOOODEHOV Utl DQGVWUHQJWKV Utq DUHXSGDWHGDVIROORZV
J[ 
____PD[
o
nc
x
  
      

$QDWXUDO LPDJH LVXVHGIRUGHVFULSWLRQ3L[HO ODEHOOLQJPHWKRG LV WUHDWHGDVVWUXJJOHDQGJURZWKIRUFRQWURORI.
W\SHVRIEDFWHULD7KLVEDFWHULDVWDUWVWRJURZIURPWKHSL[HO¶VVHHGDQGWU\WRFRYHUWKHHQWLUHLPDJH7KHUHIRUHWKLV
PHWKRG LV QDPHG DV µ*URZ&XW¶ 'XULQJ HYHU\ GLVFUHWH WLPH VWHS HYHU\ FHOO WULHV WR µDWWDFN¶ LWV QHLJKERXUV 7KH
DWWDFNIRUFHLVGHILQHGE\WKHDWWDFNHUFHOO¶VVWUHQJWKT qDQGLVWKHGLVWDQFHEHWZHHQGHIHQGHU¶VIHDWXUHYHFWRU pc
&

DQGDWWDFNHU¶VIHDWXUHYHFWRU pc
&
6XSSRVHLIDWWDFNIRUFHLVODUJHUWKDQWKHVWUHQJWKRIGHIHQGHU¶VWKHQWKHFHOOZKLFK
LV GHIHQGLQJ LV RFFXSLHG DQG WZR SURSHUWLHV VWUHQJWK DQG ODEHO DUH FXVWRPL]HG 7KH FRQVHTXHQFHV RI WKHVH ORFDO
FRPSHWLWLRQV DUH WKDW WKH EDFWHULD ZKLFK DUH WRXJKHVW ZLOO FRYHU WKH QHLJKERXULQJ VLWHV DQG VORZO\ DQG VWHDGLO\
FRYHUVWKHZKROHLPDJH7KLVFRPSXWDWLRQFRQWLQXHVLQH[SHFWDWLRQRIFRQYHUJHQFHDXWRPDWRQWRVWDEOHWKHSDWWHUQ
ZKHUHFHOOVWDWHVJUDVSWRPRGLI\$QH[DPSOHRILPDJHVHJPHQWDWLRQLVVKRZQLQILJ
2.2. Boundary (edge) Smoothness and Enhancement 
(YHQWKRXJKWKHPHWKRGLVH[WUHPHO\VLPSOHDQGVLJQLILFDQWEXWLVQRWDEOHWRDWWDLQTXDOLW\VHJPHQWDWLRQRILPDJH
>@%XW LQ VHYHUDO LPDJHV WKH UHVXOWLQJ VHJPHQWVERXQGDU\FDQEH WDWWHUHG ,W LVJRRGHQRXJKRU\HW LPSRUWDQW
ZKHQ WKH MRE LV WR LQFDUFHUDWH WKH VPDOOHVW QXPEHU RI IHDWXUHV RI WKH ERUGHU PDLQO\ LQ PHGLFDO DSSOLFDWLRQV
QHYHUWKHOHVV WKLV FDQ EH D UHGXQGDQW REMHFW ZKHQ HGLWLQJ D JHQHULF KLJKUHVROXWLRQ SLFWXUH $Q H[WHQVLRQ WR WKH
DXWRPDWD LVH[SODLQHG LQ WKH IROORZLQJVHFWLRQRQKRZ WRDFFRPSOLVKVPRRWKHUERXQGDU\/RFDO WUDQVLWLRQ UXOH LV
FXVWRPL]HGZLWKWZRDGGHGFRQGLWLRQV
,QLWLDO 7KH FHOO WKHUHIRUH KDV WR KDYH ORWV RI ULYDOV DURXQG  HPLQHQW U ¸7 DUH EDUUHG WR DWWDFN LWV QHLJKERUV
6HFRQG 7KH FHOO WKDW KDV HPLQHQW U ¸ 7 LV SXW RQ WR EH RFFXSLHG E\ WKH SRRUHVW RI LWV HQHPLHV ZLWKRXW
FRQVLGHULQJWKHSRWHQF\RIFHOO7KHHQHP\¶VQXPEHULVGHILQHGE\
(QHPLHVWS  
PD[

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
7KH WKUHVKROGV YDOXHV 77 FRQWURO WKH ERXQGDU\ VPRRWKQHVV 6HQVLEOH YDOXHV IRU ' LPDJHV DQG 0RRUH
QHLJKERXUKRRGUDQJHIURPWRZLWKQRVPRRWKLQJUHTXLUHG
2.3. User Interaction 
7KLVVHFWLRQLVDOODERXWWKHXVHULQWHUDFWLRQGXULQJWKH*URZ&XW>@PHWKRG
,Q WKHEHJLQQLQJ WKHFDVHRI WZR ODEHOV REMHFWDQGEDFNJURXQG LVFRQVLGHUHG7KLV LV WKHPDLQO\DQGIUHTXHQWO\
XVHGFDVHRIVHJPHQWDWLRQWDVNLQSKRWRHGLWLQJ1HYHUWKHOHVVWKLVLVRQO\FDVHIRUWKHVDNHRIFODULW\WKLVLVWUXHIRU
WKH FDVH RI ODEHOVZLWKK > 7KH VHJPHQWDWLRQ VWDUWV E\ UHFRJQL]LQJ WKH EHJLQQLQJ VHHGV7KLV LV HQGHG E\ WKH
EORZV RI XVHU WKURXJK object DQG background EUXVKHV (YHU\ VWURNH RI SDLQW RI D GLVWLQFW EUXVK SRVLWLRQV WKH
EHJLQQLQJODEHOVDQGSRWHQF\RIVHHGVRISL[HO6XEVHTXHQWO\DVWKHEHJLQQLQJVHHGVDUHSRVLWLRQHGWKHDXWRPDWD
GHYHORSPHQWVWDUWV7KHRULJLQDOLQFRPSOHWHXVHUODEHOOLQJLVRIWHQDGHTXDWHWRSHUPLWWKHHQWLUHVHJPHQWDWLRQWREH
ILQLVKHGURERWLFDOO\$WWKHVDPHWLPHDVWKHODEHOVRIFHOODUHEHLQJFDOFXODWHGDQGWKHXVHULVDEOHWRPRQLWRUWKH
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GHYHORSPHQW DQG FRUUHFW LQWHUDFWLYHO\ WKH SURFHVV RI JXLGH WKH ODEHOOLQJ LI UHTXLUHG (YHU\ IUHVK SDLQW VWURNH
PRGLILHVWKHSRVLWLRQVRIWKHSULPDU\SL[HOVDQGKDVDQHIIHFWRQWKHDXWRPDWRQHYROXWLRQ7KLVVWUDWHJ\SHUPLWVWR
H[WUDFW UHJLRQV RI LQWHUHVW IURP FRPSRVLWH VXUURXQGLQJV XVLQJ XQFRPSOLFDWHG SDLQW VWURNHV E\ D PRXVH 7KH
LPSURYHPHQW FDQ EHPDGH LQ WKHPLGGOH QRW QHFHVVDULO\ DIWHU WKH VHJPHQWDWLRQ SURFHVV 7KH VHHG¶V VWUHQJWK LV
FRQWUROOHGE\ WKH LQLWLDOVWUHQJWK WKDW LV ORFDWHGE\ WKHXVHU¶VEUXVKEORZV6WURQJFRQVWUDLQWUHFRJQL]HV WKHSL[HOV
WKDWPXVWQRWIOXFWXDWHWKURXJKRXWWKHJURZWKZKLFKFDQEHHDVLO\DFFRPSOLVKHGE\DGMXVWLQJWKHVWUHQJWKYDOXHWR
RI WKH VHHG FHOOV )XQGDPHQWDO FRQVWUDLQWV VHW WKHLU EHJLQQLQJ VWUHQJWKYDOXHV WR OHVVHU WKDQRQH ,Q FRQWUDVWZLWK
JUDSKFXWVZKHUHWKHVHHGVDUHDGGHGDOUHDG\QHDUWKHERUGHUDUHDFDQDVVLVWWRDFFRPSOLVKEHWWHUVHJPHQWDWLRQLQ
FKDOOHQJLQJ DUHDV 7KLV LV SUHGRPLQDQWO\ WUXHZKHQ DFFHSWDEOH HGJH RU ERUGHU LQ XQFOHDU RU XQGHWHFWDEOH DUHD LV
DSSUR[LPDWHG
3URSRVHG0HWKRG
:HKDYHSUHVHQWHGDK\EULGPHWKRGIRUFRORULPDJHVHJPHQWDWLRQE\FRPELQLQJWKHWZRGLIIHUHQWWHFKQLTXHV,QWKH
ILUVW WHFKQLTXHZHXVHG*URZ&XW7KHQ WKH UHVXOWLQJ LPDJH LVSURFHVVHGXVLQJNPHDQVFOXVWHULQJ WHFKQLTXH:H
KDYH LPSOHPHQWHG WKH ILUVW WHFKQLTXH ZKLFK LV H[DFWO\ WKH VDPH DV H[SODLQHG LQ WKH DERYH VHFWLRQ  7KHQ WKH
UHVXOWLQJLPDJHLVSURFHVVHGXQGHUFRORULPDJHVHJPHQWDWLRQXVLQJNPHDQVFOXVWHULQJ>@ZKLFKLVH[SODLQHGLQWKH
IROORZLQJVXEVHFWLRQ$WWKHHQGZHJRWWKHUHVXOWVZKLFKDUHYHU\HQFRXUDJLQJLQSDUWLFXODUZKHQFRORUSURSHUWLHV
DUHFRQFHUQHG
7KH LQSXW FRORU LPDJH ZLOO EH URXJKO\ V\PEROL]HG XVLQJ  ELQV 7KLV VSDWLDO LQIRUPDWLRQ LV REWDLQHG IURP D
ZLQGRZLQJ SURFHVV ZKLFK LV KLVWRJUDP EDVHG +LVWRJUDP HTXDOL]DWLRQ LV D VSDWLDO GRPDLQ LPDJH LPSURYHPHQW
PHWKRGWKDWDGMXVWV WKHDOORFDWLRQRI WKHSL[HOV WR WXUQLQWRPRUHFRQVLVWHQWO\GLVWULEXWHGRYHU WKHDFFHVVLEOHSL[HO
DUUD\ ,Q KLVWRJUDP GLVSHQVDWLRQ D KLVWRJUDP H[KLELWV WKH DOORFDWLRQ RI WKH SL[HO LQWHQVLW\ YDOXHV LPLWDWLQJ WKH
SUREDELOLW\GHQVLW\IXQFWLRQ3') f RUDFRQWLQXRXVIXQFWLRQ$QLPDJH WKDWKDVDKRPRJHQHRXV3')ZLOOKDYH
SL[HO YDOXHV DW HYHU\ DSSOLFDEOH LQWHQVLW\ 7KHUHIRUH LW ZLOO VKRZ DQ HOHYDWHG FRQWUDVW LPDJH 7KH KLVWRJUDP
HTXDOL]DWLRQ JHQHUDWHV D KRPRJHQHRXV 3') RU KLVWRJUDP >@ 7KLV FDQ EH DFKLHYHG E\ SHUIRUPLQJ D XQLYHUVDO
HTXDOL]DWLRQ WKDWFRQVLGHUVDOO WKHSL[HOV LQ WKHHQWLUH LPDJHRUD UHVWULFWHGHTXDOL]DWLRQ WKDWVXEGLYLGHV WKH LPDJH
LQWRUHJLRQV7KHVXEWUDFWHGLPDJHVPD\DOVROHDGVWRWKHHQKDQFHPHQWRIFRQYLQFHGUHJLRQVRIDQLPDJH)LQDOO\
KLHUDUFKLFDONPHDQVFOXVWHULQJLVXVHGWRFOXVWHUWKHFUXGHGDWDRIWKHLPDJH
3.1. K-means Clustering Algorithm 
7KH.0HDQVPHWKRGLVDQLWHUDWLYHDQGXQVXSHUYLVHGZKLFKSURGXFHVDSUHFLVHQXPEHURIQRQKLHUDUFKLFDOFOXVWHUV
>@,WFDWHJRUL]HVWKHLQSXWLPDJHLQWRPXOWLSOHFOXVWHUVEDVHGRQWKHLUFKDUDFWHULVWLFGLVWDQFHIURPHDFKRWKHU7KH
DOJRULWKP DGRSWV WKH LPDJH IHDWXUHV DQG WULHV WR ILQG QDWXUDO JURXSLQJ DPRQJVW WKRVH $OO WKH GDWD SRLQWV DUH
KDSKD]DUGO\ DOORFDWHG ZKLFK DUH VDPH LQ QXPEHUV DV WKDW RI FOXVWHUV DURXQG FHQWURLGV kii  P  7KHVH
FOXVWHUVDUHDWWDLQHGE\PLQLPL]LQJWKHIXQFWLRQ

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
7KH DERYH IXQFWLRQ LV REMHFWLYHZKHUH WKHUH DUH N FOXVWHUV 6LL «N DQG L LV WKHPHDQ SRLQW DOVR FDOOHG DV
FHQWURLGRIDOOWKHSRLQWV ij Sx  
$VDSDUWRIWKLVZRUNDQLWHUDWLYHYHUVLRQRIWKHSURFHGXUHZDVIXQFWLRQHG$QLPDJHZKLFKLVWZRGLPHQVLRQDOLV
WKHLQSXWIRUWKLVDOJRULWKP%HORZDUHWKHDOJRULWKPVWHSV
 6HWDUELWUDULO\DQ\WZRFOXVWHUFHQWUHVUHSUHVHQWLQJLQLWLDOFOXVWHUFHQWURLGVN
 &DOFXODWHWKHKLVWRJUDPLQWHQVLW\VRXUFHDPRQJWKHFOXVWHUFHQWURLGDQGHYHU\SL[HORIDQLPDJH
 $OORFDWHHYHU\SL[HORIDQLPDJHWRWKHFHQWURLGRIWKHFOXVWHUZKLFKLVQHDUHVW
 6WHSVDQGDUHUHSHDWHGWLOOWKHODEHOVRIFOXVWHUODEHOVRIWKHLPDJHGRQRWFKDQJHDQ\PRUH
 *URXSWKHSRLQWVJURXQGHGRQVSDFHRIWKHLULQWHQVLWLHVIURPWKHFHQWURLGLQWHQVLWLHV
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 &DOFXODWHWKHIUHVKFHQWURLGIRUDOOWKHFOXVWHUV
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+HUHWKHSDUDPHWHUXVHGLVNIL RUWKHDOJRULWKP
LLVWKHQXPEHURIUHSHWLWLRQVIRUWKHDOOWKHLQWHQVLW\YDOXHV
MLVWKHQXPEHURIUHSHWLWLRQVIRUHYHU\FHQWURLGVL


)LJ&RORULPDJHVHJPHQWDWLRQUHSUHVHQWLQJPHWKRG
3.2. Proposed algorithm 
6WHS,QSXWRULJLQDOLPDJH
6WHS3URFHVVWKHRULJLQDOLPDJHIRUODEHOOLQJDQGVWUHQJWKHQLQJ
6WHS6HJPHQWWKHLPDJHXVLQJ*URZ&XWPHWKRG
6WHS7KHUHVXOWLQJLPDJHLVSURFHVVHGXVLQJFRORULPDJHVHJPHQWDWLRQPHWKRG
6WHS$SSO\VPRRWKLQJRQWKHUHVXOWLQJLPDJH
6WHS'LVSOD\WKHFRORUVHJPHQWHGLPDJH
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4. 5HVXOWVDQG'LVFXVVLRQV 
7KH UHVXOWV JHQHUDWHG E\ WKH SURSRVHG WHFKQLTXH IRU D JLYHQ VHW RI LQSXW LPDJHV DUH VKRZQ LQ ILJ  7KH
SURSRVHGDOJRULWKPLVWHVWHGRQLPDJHVZLWKGLIIHUHQWEDFNJURXQGV,QRWKHUZRUGVWKHDOJRULWKPLVWHVWRQGLIIHUHQW
JHQHUDOLPDJHVQRWRQVSHFLILFLPDJHV)LJVKRZVWKHUHVXOWVRIWKHVHJPHQWDWLRQRQWKHORWXVWXEFKHVVERDUG
DQGFDPHOLPDJHV6HJPHQWHGLPDJHVDUHGLIIXVHGWRVKRZERUGHUV7KHUHVXOWVDUHIRXQGWREHJRRG7KHSURSRVHG
DOJRULWKPKDVSDUDPHWHUVWKDWUHTXLUHWREHUHFRJQL]HGE\WKHXVHU1XPEHURIELQVLVWKHILUVWSDUDPHWHUIRUWKH
FRDUVHUHSUHVHQWDWLRQGHQRWHGE\Q%LQVDQGZHVHWLWVYDOXHWR7KHVHFRQGSDUDPHWHUZHXVHGLVZLQGRZVL]HIRU
KLVWRJUDPSURFHVVLQJGHQRWHGE\ WKH V\PEROZLQ6L]HDQGZHVHW LWVYDOXH WR1XPEHURIFODVVHVGHVLUHG IRU WKH
LPDJH LV WKH WKLUG DQG ILQDO SDUDPHWHU ZKLFK LV GHQRWHG E\ WKH V\PERO Q&ODVV DQGZH VHW LWV YDOXH WR  LQ RXU
SURSRVHG DOJRULWKP7KHVHSDUDPHWHUV DUHQHFHVVDU\EHFDXVHRI WKH FKDQJHDEOH LPDJHGLVWLQFWLYHQHVV LQGLIIHUHQW
DSSOLFDWLRQV7KHDOJRULWKPZRUNVZHOORQDPXOWLSOLFLW\RILPDJHVXVLQJDSUHGHWHUPLQHGVHWRISDUDPHWHUYDOXHV
7KHSURSRVHGDOJRULWKPDOVRSURYLGHVJRRGUHVXOWVZKHQLPSOHPHQWHGRQJUH\VFDOHLPDJHVZKHUHLQWHQVLW\YDOXHV
DUHTXDQWL]HGWKHVDPHZD\DVWKHFRORUV


)LJ,QSXWLPDJHVDQGVHJPHQWHGLPDJHV
&RQFOXVLRQV
:H KDYH SURSRVHG D ' &RORU ,PDJH 6HJPHQWDWLRQ XVLQJ $GDSWLYH *URZ&XW PHWKRG ZKLFK LV D K\EULG
WHFKQLTXH,WFRPELQHVWKHWZRGLIIHUHQWWHFKQLTXHV)LUVWWHFKQLTXHZHXVHGLV*URZ&XWDVH[SODLQHGLQVHFWLRQ
> @ 7KHQ WKH UHVXOWLQJ LPDJH LV SURFHVVHG XVLQJ NPHDQV FOXVWHULQJ WHFKQLTXH DV H[SODLQHG LQ VHFWLRQ 
([SHULPHQWDO UHVXOWV KDYH UHYHDOHG WKDW WKH DWWHPSW RI XVHU UHTXLUHG IRU VHJPHQWLQJJHQHUDO LPDJHV LV VRPHZKDW
PRGHVW QRW WRXJKHU WKDQ LQ RWKHU JUDSKEDVHG PHWKRGV OLNH *UDE&XW 5DQGRP :DONHU DQG *UDSK &XWV 7KLV
SODQQHG PHWKRG ZKLFK LV D K\EULG PHWKRG FRPELQJ ERWK WKH *URZ&XW PHWKRG DQG FRORU LPDJH VHJPHQWDWLRQ
PHWKRG>@DQGDIIRUGVQHZWHFKQLTXHH[WHQVLELOLW\E\YDU\LQJWKHPDFKLQHGHYHORSPHQW UXOHH[WUD LQWHUDFWLYLW\
DQG FRQWURO RI XVHURYHU WKH VHJPHQWDWLRQSURFHGXUH7KH DGYDQWDJHRI WKHSURSRVHGPHWKRG LV LW KLJKOLJKWV WKH
VHJPHQWHGLPDJHLQFRORUSDWWHUQUDWKHUWKDQJUH\SDWWHUQ7KHUHVXOWVDUHIRXQGWREHYHU\HQFRXUDJLQJ
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 *RQ]DOH]5DIDHO&DQG5LFKDUG(:RRG$WH[WERRNRQ'LJLWDO,PDJH3URFHVVLQJ3HDUVRQ(GXFDWLRQSXEOLVKHUVQG(GLWLRQ
 7.35DMDJRSDO63UDGHHVK+RVHDDQG65DQLFKDQGUD&RORU,PDJH6HJPHQWDWLRQ±$Q$SSURDFK,QWHUQDWLRQDO-RXUQDORQ6FLHQWLILF	
(QJLQHHULQJ5HVHDUFK9ROXPH,VVXH0DUFK
 6XPDQW 9 -RVKL DQG $WXO 1 6KLUH $ 5HYLHZ RI DQ (QKDQFHG $OJRULWKP IRU &RORU ,PDJH 6HJPHQWDWLRQ´ ,QWHUQDWLRQDO -RXUQDO RQ
$GYDQFHG5HVHDUFKLQ&RPSXWHU6FLHQFHDQG6RIWZDUH(QJLQHHULQJ9ROXPH,VVXH0DUFK
 6PLWD3DWLODQG$$-XQQDUNDU2YHUYLHZRI&RORU,PDJH6HJPHQWDWLRQWHFKQLTXHV$FRQIHUHQFHRQ$GYDQFHG5HVHDUFKLQ&RPSXWHU
6FLHQFHDQG6RIWZDUH(QJLQHHULQJ,QWHUQDWLRQDO-RXUQDO9ROXPH,VVXH6HSWHPEHU
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,265-(((9ROXPH,VVXH3DJHV
 6XPDQ7DWLUDMXDQG$YL0HKWD,PDJH6HJPHQWDWLRQXVLQJNPHDQVFOXVWHULQJ(0DQG1RUPDOL]HG&XWV
KWWSZZZPDWKZRUNVLQPDWODEFHQWUDOILOHH[FKDQJHFRORULPDJHVHJPHQWDWLRQFRQWHQW&RORU,PDJH6HJPHQWDWLRQFRO,PJ6HJP
 9H]KQHYHWV9DQG.RQXVKLQ9*URZ&XW,QWHUDFWLYH0XOWL/DEHO1',PDJH6HJPHQWDWLRQE\&HOOXODU$XWRPDWD$FRQIHUHQFHRQ
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 6DUEDQL'DWWD DQG0RQLVKD&KDNUDERUW\ %UDLQ7XPRXU'HWHFWLRQ IURP WKH3UH3URFHVVHG05 ,PDJHVXVLQJ6HJPHQWDWLRQ7HFKQLTXHV
,-&$³6HFRQG1DWLRQDO&RQIHUHQFH&RPSXWLQJ&RPPXQLFDWLRQDQG6HQVRU1HWZRUN´
 6DPHUNDLV-DPHHO 5DPHVK50DQ]D&RORU LPDJHVHJPHQWDWLRQE\PHDQVRIZDYHOHW ,QWHUQDWLRQDO-RXUQDORQ$SSOLHG,QIRUPDWLRQ
6\VWHPV9ROXPH3DJH
 5DYLQGUD 6 +HJDGL DQG %DVDYDUDM $ *RXGDQQDYDU 7XPRU 6HJPHQWDWLRQ IURP (QGRVFRSLF,PDJHV XVLQJ *URZ&XW PHWKRG
&RPPXQLFDWLRQ3URFHHGLQJV&RPSXWDWLRQ1DQRWHFKQRORJ\DQG0DQDJHPHQW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